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Abstract. The design of a navigation system to support indoor fire evacuation 
depends not only on speed but also a relatively thorough consideration of the 
cognition factors. This study has investigated potential cognition factors which 
can affect the human behaviours and decision making during fire evacuation by 
taking a survey among indoor occupants in age of 20s under designed virtual 
scenarios. It mainly focuses on two aspects of Fire Responses Performances 
(FRP), i.e. indoor familiarity (spatial cognition) and psychological stress (situ-
ated cognition). The collected results have shown that these cognition factors 
can be affected by gender and user height and they are correlated with each 
other in certain ways. It has also investigated users‟ attitudes to the navigation 
services under risky and non-risky conditions. The collected answers are also 
found to be correlated with the selected FRP factors. These findings may help 
to further design of personalized indoor navigation support for fire evacuation. 
Keywords: Fire Response Performance, Indoor Spatial Cognition, Situated 
Cognition, Survey Analysis. 
1 Introduction 
The design of an indoor navigation system to support fire evacuation is not only based 
on the physical mobility (speed) of people, their responses to the fire also merits con-
sideration [1]. The FRP is defined as the capability of an evacuee‟s perception and 
interpretation of the warning signs, and decision making for fire survival. The factors 
which affect the FRP can be divided into three categories from fire, human and build-
ing environments [1-3]. This study will more focus on the specific impacts from hu-
man and environments on the wayfinding aspect. 
For the environmental factors of FRP, they can be divided into five classes [1, 4]. 
Among these classes, the effects from indoor familiarity and the satisfaction degree to 
the locations of existing indoor signs are investigated. The reason of selecting these 
two factors is due to that the unfamiliarity to the building context is also considered as 
a special disability [5-8]. Meanwhile, the decision making during a fire evacuation 
also depends on indoor familiarity as people prefer using familiar paths/exits for 
evacuation [9, 10]. It can be relatively time consuming for floor plan discovery and 
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escape route formulation with lower familiarity [11, 12].  
For human factors of FRP, the psychological stress is one important personal char-
acteristic during the evacuation, as it can impede people‟s cognition and response 
process, leading to irrational and uncontrolled behaviours [1, 8, 13-15]. This study 
mainly concentrates on the individual-level psychological effects, which include 
evacuation knowledge and experience, capability of observation and decision-making, 
as well as evacuation mobility [1, 3]. It can be affected by human‟s psychological 
characteristics, e.g. gender, and specific environmental scenarios [15, 16].  
Besides, the user attitudes to the smartphone-based navigation also plays an impor-
tant role. It is considered one of the major challenges to the promotion of applying the 
designed fire emergency navigation system to a wide range of population. This study 
will investigate user responses to the navigation services under normal and extreme 
conditions.  
This study aims to explore the user responses of the indoor familiarity, psychologi-
cal stress, and attitude to the navigation services under the conditions of the designed 
scenarios in Sir Peters Mansfield Building (PMB) of University of Nottingham 
Ningbo China (UNNC). The user responses will be collected via survey by using 
designed questionnaire. The collected answers will then be used to analyse the corre-
lations between participants‟ familiarity with the indoor environments and their intui-
tive psychological conditions with the bending postures. It also tries to study the po-
tential causes of decision making during evacuation movement under the designed 
extreme cases.  
2 Methodology 
2.1 Subjects and Study Area 
In order to evaluate the potential responses of participants in an environment that they 
are accustomed to, this study has selected the PMB building in UNNC as the test site 
and students who normally stay in this building as the volunteers, who are supposed 
to have more knowledge about its indoor structures.  
The survey has been conducted among undergraduate students with an average age 
at 25. 28 females and 22 males are recruited to take the survey. The majority of the 
anticipated female volunteers have a height in the range of 160~165cm and their 
weights are in the range of 50~55kg. Meanwhile, the representative height and weight 
of male anticipants are in the range of 175~180cm, and 65~75kg respectively. All the 
participated volunteers have a BMI (Body Mass Index) at a healthy stage (19.9~24.2). 
The involvement of these participants help to get rid of the effects from the over-
weight and age, which may introduces more physical variations [1, 17-20]. The over-
all process has been approved by the UNNC Institutional Review Board and all sub-
jects has signed the written informed consent. 
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2.2 Involved Scenarios 
Indoor Familiarity This survey has selected three aspects to evaluate the degree of 
indoor familiarity of participants, which are:1)familiarity to the evacuation exits; 
2)familiarity to the risky places; 3)satisfaction to the installed guiding signs. 
Psychological Stress when Using Bending Posture The reason of setting up this 
situation is due to the potential threats from smoke inhalation and growing fall risk 
when using a bending posture [21, 22]. This study will evaluate the user responses 
from three aspects when forcing to move under a bending posture: 1)cognition of the 
moving difficulty; 2)cognition of the nervousness; 3)cognition of the speed reduction. 
Attitude to the Navigation Services during Evacuation This study tries to identify 
potential problems, which needs to be considered and helps to provide corresponding 
suggestions in future improvements before providing customizable navigation ser-
vices to the users. It will investigate the user attitudes from three aspects: 1)familiarity 
to the existing smartphone-based navigation; 2)willingness of following guidance 
service during the evacuation under non-risky conditions; 3)willingness of following 
guidance service under some extreme cases and corresponding decision time; 
3 Results and Analysis 
3.1 Indoor Familiarity 
The majority of participated males (54%) and females (61%) have at least mid-level 
knowledge („3 to 4‟) of the locations of all exits. Among them, the male has a higher 
average familiarity (2.77) with the exits than the female (2.64) (Fig.1(a)). There is one 
male participant has the full familiarity with all the exits while there is none for fe-
male. For the familiarity of indoor risky places, though average level from both gen-
ders is relatively low, there are more male participants (50%) have a relatively higher 
degree („3 to 5‟) than females (46%) (Fig.1(b)). These may be partially explained by 
the satisfaction of indoor signs, as about half of the interviewed male students are 
relatively satisfied with the current setups of the indoor evacuation signs (with the 
high score as „4‟), while for the female participants, it tend to have fewer people with 
similar degree of satisfaction (Fig.1(c)). 
Height seems to be an important physical factor for indoor spatial cognitions. 
When analysing the data from user height and satisfaction degree to the indoor signs, 
it can be found that they are positively correlated with at least medium level 𝑅, which 
is about 0.311 for the females and 0.559 for the males ( 
Table 1 & Table 2). In general, the satisfaction level keeps growing with user 
height except for the „170~175cm‟ female group. Moreover, this trend is more clear 
based on the males‟ data (Fig. 2). This also suggests that the height effects on the 
satisfaction level of indoor signs from the males are slightly significant than that from 
the females may be explained by the higher average height of male participants. Their 
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higher average height may help them more easily recognize the existence of the in-
door signs.  
 
                           (a)                                                         (b)                                                     (c)   
Fig.1. The distribution of user feedbacks of the familiarity to the indoor exits (a), risky places 
(b), and satisfaction of indoor signs (c) from lowest (0) to highest (5). 
 
(a)                                                                                       (b) 
Fig. 2. The comparison of indoor familiarity with different heights of males (a) and females (b). 
Meanwhile, the correlation between heights and familiarity to exits also suggests a 
similar conclusion as males‟ data show a stronger positive relationship (𝑅 = 0.561) 
between these two factors while the females‟ show a weak correlation (𝑅 = −0.145) 
( 
Table 1 & Table 2). According to Fig. 2, the growing trend of males‟ heights with 
familiarity to exits is similar as that with the satisfaction of the indoor signs. While for 
the females, this trend is eliminated. The majority of the females in different height 
groups have similar average level of exit familiarity. On the other hand, this also im-
plies the current height of the indoor signs may not be ideal for all the population, 
especially for people with lower body heights, i.e. female participants in this survey. 
This finding also agree with a previous study, which indicates that occupants during 
the evacuation are less likely to realize the existence of guidance signs at the ceiling 
level limited by their heights [23]. Meanwhile, the user  height does not significantly 
affect the familiarity to the risky places for both genders, which may be due to par-
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ticipants‟ ubiquitous lower awareness of this information. 
In addition, the knowledge of indoor exits and risky places are also positively cor-
related with the satisfaction levels of indoor signs ( 
Table 1 & Table 2). Between these two factors, the familiarity to the exits has 
stronger impacts, with 𝑅 = 0.532 for the females and 𝑅 = 0.414 for the males, while 
𝑅 ≈ 0.31 for indoor risky place awareness for both genders. According to the previ-
ous results, there are more females having higher familiarity with the indoor risky 
places than males. However, this does not significantly affect their satisfactions to the 
indoor signs, as there is no great difference on 𝑅 between two genders. This implies 
that the current indoor signs may not give a very clear guidance of the risky places. 
On the other hand, the increasing familiarity with the indoor exits signs can lead to 
the growth of the satisfaction with at least moderate possibility. This suggests that 
people are more interested in the guidance signs of exits rather than those of the risky 
places. This also agrees with the findings from the correlation with user heights. 
Moreover, this hypothesis is supported by the correlation between the familiarity of 
exits and risky places. This study has assumed that people with higher familiarity with 
the exits may also be highly familiar with risky places. However, after calculating 
their correlation coefficients 𝑅, their relationship seems to be weak with 𝑅 = 0.27  
for the females and 𝑅 = 0.21  for the males ( 
Table 1 & Table 2).  
Table 1. Correlation between Height and Other Indoor Familiarity Factors for Males 
 Height (cm) Familiarity with Exits Risk Place Awareness 
Familiarity with Exits 0.561 1  
Risk Place Awareness 0.265 0.213 1 
Indoor Signs Satisfaction 0.559 0.414 0.315 
Table 2. Correlation between Height and Other Indoor Familiarity Factors for Males 
 Height (cm) Familiarity with Exits Risk Place Awareness 
Familiarity with Exits -0.145 1  
Risk Place Awareness 0.284 0.271 1 
Indoor Signs Satisfaction 0.311 0.532 0.314 
When integrating the effects from the familiarity of exits and indoor risky places from 
both genders, their 𝑅 for indoor sign satisfaction can achieve 0.471 (male) and 0.556 
(female), reflecting a strong bonding relationship. In other words, people who are 
more familiar with the current indoor environment may be potentially more satisfied 
with the current installation of the indoor environment. However, the familiarity with 
the selected factors for this experiment is only about the exits and risky places, this 
may be limited as other indoor infrastructures (e.g. temporary shelters for blocked 
people) may also be important for the evacuation process. When integrating height 
factor with the indoor familiarity, the correlations to the indoor sign satisfaction for 
both genders are stronger than only considering the effects from familiarity to the 
exits and risky places, with 𝑅 = 0.562  for the females and 𝑅 = 0.479  for the males. 
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When comparing to the previous results, the height has stronger effect for the males 
as it has a 1.49% improvement of 𝑅 while the females only have 1.08% (Table 3). On 
the contrary, the height factor integrated with the satisfaction to the signs may also 
help people to familiarize their surrounding environments, supported by the increas-
ing 𝑅 with the exits and risky places for both genders (Table 4). 
Table 3. Correlation between Indoor Satisfaction and Other Indoor Familiarity Factors with 
and Without the Effect of the Height 
 Indoor Sign Satisfaction 
 Male Female 
Familiarity with the Exits+ Risk Place Awareness 0.471 0.556 
Height+ Familiarity to the Exits+ Risk Place Awareness 0.479 0.562 
Table 4. Correlation between Different Indoor Familiarity Factors with and Without the Effect 
of the Height 
 Male Female 
Factors 
Familiarity 
with Exits 
Familiarity with 
Risky Places 
Familiarity 
with Exits 
Familiarity with 
Risky Places 
Satisfaction to the Signs 0.41 0.31 0.53 0.31 
Height + Satisfaction to the Signs 0.43 0.32 0.54 0.32 
3.2 Psychological Stress Under Bending Posture 
For the aspect of psychological difficulty, the response distribution of male partici-
pants is more polarized. The majority of their responses are clustered at the „0~1‟ 
(36%) and „3~4‟ (46%). Meanwhile, the females‟ responses are more prone to the 
moderate level in the range of 2 to 3 (54%) (Fig. 3(a)). However, their average level 
of hardness sensing are similar, with 2.27 for males and 2.25 for females. For the 
aspect of nervousness, about 41% of male participants are considered as vulnerable 
population with a score at „4-5‟, while only about 36% of the females have scored at 
the same range (Fig. 3(b)). However, the females still have a slightly higher average 
level of nervousness (3.11) than male participants (2.86). This may be explained by 
the fact that there are still more female participants who have a moderate level of 
nervousness (score „3‟) when using stoop-walking posture while the responses from 
the male participants tend to be more evenly distributed. This finding is also sup-
ported by a previous study that man is more prone to maintain calm during the 
evacuation [16]. For the aspect of speed reduction sensation, about half of the male 
interviewees have scored „4‟ with an average level of 3.5,  while only about 29% of 
female participants have same responses with an average score of 3.29 (Fig. 3(c)). 
This may be explained by the finding that the females‟ responses are more evenly 
distributed while the males‟ responses are more clustered at „4‟, showing the male 
participants with a greater capability of controlling the moving velocity during fire. 
These three factors are positively correlated between each other from mid-level to 
high-level (Table 5 & Table 6). The 𝑅 between psychological difficulty and nervous-
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ness is much stronger for male participants (0.74) than that for the females (0.45). 
This may be explained by the influence from the height, as it has a stronger negative 
impact on males‟ nervousness (-0.427) than females (-0.133). Moreover, the average 
height of the males is also higher than that of the females. This hypothesis is further 
supported by integrating the factors of height and psychological difficulty, as 𝑅 for 
both genders has slightly increased and the improvement for the males (0.54%) is 
more significant than that for the females (0.22%) (Table 5). The awareness of speed 
reduction is more positively correlated with the level of nervousness, especially for 
the females (0.64). This may be due to that psychological stress can affect the cogni-
tion of the changing speed [1]. With the growth of the nervousness level, it may be 
easier to feel the reduction of the moving velocity, though it may not be as significant 
as that in reality. 
              
(a)                                                      (b)                                                     (c) 
Fig. 3. The distribution of the feedback of the psychological difficulty (a), nervousness (b) and 
the awareness feeling of speed (c). 
Table 5. Height Effects on Correlation Between Nervousness and Psychological Difficulty 
 Nervousness 
 Male Female 
Psychological Difficulty 0.741 0.450 
Height + Psychological Difficulty 0.745 0.451 
Improvement 0.54% 0.22% 
Table 6. Correlation Among Three Psychological Stress Factors 
 Awareness of Speed Reduction 
 Male Female 
Psychological Difficulty 0.448 0.476 
Nervousness 0.557 0.640 
Psychological Difficulty + Nervousness 0.542 0.656 
Height + Psychological Difficulty + Nervousness 0.543 0.656 
On the other hand, panicking people will try to move faster than their normal state, 
in order to evacuate from the danger as soon as possible [8, 16, 24]. This may lead to 
a vicious circle as the adage goes „Faster is slower‟, because the behaviours such as 
jamming and stampede may also occur with blocking sights and narrowing paths [24-
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31]. Based on the findings from this study, it may be due to their exaggeration of the 
speed reduction, leading to lower control of their decision process and action execu-
tion. Meanwhile, the level of difficulty perception of using a bending posture also has 
a moderate impact on the cognition of the velocity reduction, and this impact is more 
significant for the females. It is understandable as the perception of difficulty may 
raise the feelings of diffidence and discomfort, exaggerating people‟s feelings on the 
speed reductions.  
When integrating the impacts from both the psychological difficulty and nervous-
ness level, it can be found that the 𝑅 to the awareness of speed reduction has become 
stronger for the females while for the males, it has become slightly weaker. This may 
be due to the lower level of nervousness from the male participants, which may 
weaken the effects of the nervousness.  
As the height factor can affect the perception of nervousness (Table 5), a hypothe-
sis has been raised that it may also affect the speed reduction perception. However, 
after integrating the effects from the heights and the other two psychological stresses, 
their 𝑅 to speed reduction sensation does not change significantly, especially for the 
females. It can be inferred that the current level of the height does not have great im-
pacts on speed reduction recognition.  
The impacts from the indoor familiarity can be treated as a critical and comprehen-
sive factor for the psychological stress, especially for the level of the nervousness. 
According to the previous study, one reason for panic is due to the non-efficient using 
or ignorance of the alternative exits [1, 15, 24, 32, 33]. On the other hand, the occu-
pants with better indoor familiarity may not be limited to using the shortest routes as 
people tend to use their familiar routes for evacuation [9, 10, 34]. This study also 
evaluates the correlations between the factors of different indoor familiarity and psy-
chological stress and the results are shown in Table 7 and Table 8.  
Table 7. Correlation between Factors of Indoor Familiarity and Psychological Stress for Males 
 
Familiarity 
with Exits 
Risk Place 
Awareness 
Indoor Signs 
Satisfaction 
Indoor Fa-
miliarity 
Psychological Difficulty -0.395 -0.064 -0.477 -0.509 
Nervousness -0.293 -0.151 -0.431 -0.432 
Awareness of Speed Reduction 0.262 -0.015 -0.176 0.401 
Table 8. Correlation between Factors of Indoor Familiarity and Psychological Stress for Fe-
males 
 
Familiarity 
with Exits 
Risk Place 
Awareness 
Indoor Signs 
Satisfaction 
Indoor Fa-
miliarity 
Psychological Difficulty 0.187 0.074 0.049 0.172 
Nervousness 0.355 -0.054 -0.084 0.436 
Awareness of Speed Reduction 0.264 0.152 0.104 0.256 
According to the acquired results, the hypothesis that the growing familiarity to the 
exits can help reduce the nervousness is strengthened to some extent based on the 
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males‟ responses. However, the situation for the females is reverse, as their level of 
nervousness has a moderately positive relationship between the familiarity to the exits. 
This may be due to the higher average level of indoor familiarity and composure of 
the male participants as well as different decision process from two genders.  
Similar findings can also be found on the sensation of the difficulty as the familiar-
ity to the exits has a moderately negative effect for the males, while having a weakly 
positive effect for the females. This may be due to the physical limitations of different 
genders as the females are more easily getting tired using an energy-consuming pos-
ture. However, there is no great difference on the impacts of the speed reduction 
awareness, which is positively related to the familiarity to the exits at a mid-level. 
This can be explained by the aspiration of escaping from the danger [8, 16, 24], which 
may also increase when approaching to the known exits. 
As the familiarity with the risk places of both genders is at a low level, its 𝑅 be-
tween each different psychological factor is relatively weak. Meanwhile, the satisfac-
tion to the indoor signs has a mid-level negative effect on the difficulty sensation and 
the nervousness for the males. While for the females, the strength of 𝑅 is nearly ne-
glectable. This may be due to the males‟ relatively higher satisfaction degree to the 
indoor signs, which can help them better utilize the guidance provided by these signs 
than the females, leading to decreases on cognitions of difficulty and nervousness.  
When integrating all indoor-familiarity factors together to investigate their 𝑅 be-
tween each psychological factors, it can be found out that that males‟ psychological 
stresses, such as difficulty and nervousness sensation, may be moderately released 
with the increasing indoor familiarity, except for the speed reduction awareness. This 
may be due to the effects from the familiarity to the exits and satisfaction of indoor 
signs, as males have higher average levels of these two items and a better level of 
physical abilities. The increasing possibility of speed reduction awareness can be 
explained by the similar reason mentioned before, i.e. the growing desire of escaping 
to the outside, which may be affected by the increasing indoor familiarity during the 
process of moving to the exits. While for the females, their psychological stresses do 
not follow a similar pattern as the males. All their psychological factors are likely to 
increase with their growing indoor familiarity, though their 𝑅s are relatively lower 
than those for the males. This may be due to their higher average levels of psycho-
logical stresses and less knowledge of the indoor environments, as well as their physi-
cal limitations, comparing to the males‟. Moreover, males have a higher average sen-
sitivity of speed reduction, showing greater controllability of their own moving veloc-
ity and lower vulnerability from the other potential factors. Meanwhile, the previous 
choices of each factor between the two genders have no significant differences 
(p > 0.05), however, when integrating them together into a comprehensive factor, 
there are significant differences between the choices made by the two genders 
(p < 0.01). It indicates that the effects from indoor familiarity need to be treated as an 
entirety before analysing their correlations to the psychological factors.  
With the above analyses, it suggests that factors from indoor familiarity are corre-
lated with the psychological effects to some extent, especially on the aspects of the 
familiarity to all building exits and the satisfaction to the indoor guidance signs. Thus, 
it suggests that when integrating effects from all the indoor familiarity factors to-
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gether with the impacts from the cognition of difficulty and nervousness, it may have 
a comprehensive effect on the perception of the speed reduction. The reason of con-
centrating on the effects to the people‟s moving velocity is due to that the moving 
velocity is one of the decisive factors for the establishment of the evacuation models, 
and it is usually used to evaluate the capability of moving out of the indoor area [1, 
35-37]. If the occupants are subject to less than ideal conditions, regardless of the 
physical or the psychological aspects, this kind of the evacuees can be treated as in a 
mode with temporarily reduced mobility [1, 37], which can affect the process of 
evacuation to some extent.  
When integrating the indoor familiarities with the other two psychological effects, 
it can be found out that these factors have a slightly greater impact on the awareness 
of the speed reduction for the female participants (0.655) than that for the males 
(0.617). This is consistent with the previous findings that the male participants have 
higher controllability of their speed than the females, although they may still be af-
fected by the effects of the indoor environments. Moreover, the psychological factors 
have a higher overall impact on the speed reduction awareness than that on the males, 
while the males‟ activities are more affected by the indoor environments based on 
results from  
Table 9.  
Table 9. Correlation between Factors from Speed Reduction Awareness and Indoor Familiari-
ties plus Psychological Stresses 
 Awareness of Speed Reduction 
 Male Female 
Indoor Familiarity 0.401 0.256 
Psychological Difficulty + Nervousness 0.542 0.656 
Indoor Familiarity + Psychological Difficulty + Nervousness 0.617 0.655 
With the above information, the hypothesis has been proved in this case that the 
awareness of moving speed reduction during the evacuation will be affected by both 
environmental and psychological stresses, with a moderately positive 𝑅. The increase 
of the environmental familiarity and psychological relief can be achieved by using a 
personalized and supportive navigation system. This information needs to be consid-
ered into the future applications of the smartphone-based emergency guidance as it 
will affect the user‟s current psychological state, leading to various choices of the 
evacuation strategies. 
3.3 Attitude to the Smartphone-based Emergency Guidance 
The Familiarity with the Smartphone-based Navigation Navigation services have 
been widely used by people around the world in daily life [38, 39]. This study has 
proposed an assumption that the current smartphone users should be familiar with the 
smartphone-based navigation. However, the average level of the familiarity (2.64) is 
not as high as expectation, which is only slightly higher than the mid-level (Fig. 4(a)). 
This suggests that the participants may have used the navigation services but are still 
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not very familiar with its working mechanism. This may be due to the sense of direc-
tion, as the guidance provided by the navigation systems still require people to have 
the capability of spatial cognition [40-43].  
When comparing the differences between the two genders, it can be found out that 
the male participants have a slightly higher average level (2.91) than the females 
(2.43). This finding also agrees with the previous studies that males usually outper-
form females on navigation-based tasks [41-43]. This may be due to the different cues 
utilized by two genders for spatial tasks, as the males prefer identifying the geometric 
properties and cardinal directions while the females are good at landmark memoriza-
tion [42-44]. It suggests that the future applications of the smartphone-based emer-
gency navigation may still need some training, especially for the female users. 
The Willingness of Following Smartphone Guidance During Evacuation Under 
Non-Risky Conditions This scenario is regarded as the premise of following guid-
ance under risky conditions. According to the results, the participants of both genders 
have shown positive attitudes to the emergency navigation app, as none of them 
shows a rejection („0‟) (Fig. 4(b)). This suggests a relatively good acceptance to this 
kind of service, which can help reduce the difficulty of promoting this service in fu-
ture applications. The average score of the males (3.41) is still higher than that of the 
females (3.29), which may be related to the higher familiarity of the male users to the 
existing smartphone-based navigation. Moreover, the majority of the females (79%) 
tend to have an at least mid-level positive attitude („3-5‟) to the acceptance of the 
guidance service, while the choices for the rest of them are more evenly distributed. 
Meanwhile, about 73% of the males have an at least mid-level of positive acceptance 
of using a longer route, with more population having a relatively higher score („4-5‟) 
of the willingness of following the guidance, and the overall distribution of their ac-
ceptance level to the navigation is more uniform than that of the females.  
 
(a)                                                             (b) 
Fig. 4. The familiarity with the smartphone-based navigation of two genders (a) and the will-
ingness of following the smartphone-based guidance. 
The Willingness of Following Smartphone-Based Guidance During Evacuation 
Under Risky Conditions Although the selected participants have shown positive 
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some extreme conditions. This survey is interested in the user responses when they 
are required to change from the original planned path when facing the dangers. The 
two extreme cases selected for this study are the willingness of using a longer path 
due to risk assessment and changing to an alternative exit during the movement with 
the original plan. The aim of testing these two cases is to find out the confidence de-
gree of users to the potential guidance under the fire evacuation. 
For the first case, the majority of females (86%) show a positive attitude while 
there are only 55% of the males having the confidence of trusting the guidance pro-
vided by the smartphones. The corresponding effects may come from three aspects, 
i.e. indoor familiarity, psychological stress and attitude to the smartphone-based navi-
gation (Table 10). For indoor familiarity, people who are more familiar with indoor 
structures are more willing to use an alternative but safer path, while the people of the 
opposite situation may prefer a shorter path [9, 10, 34]. When comparing 𝑅s between 
different factors, it can be inferred that psychological stress plays a more important 
role in the decision of using a longer but safer route, especially for the males. With 
the increasing psychological stress, people are less likely to use a longer route. This 
may be due to the psychological stress will affect the decision making during evacua-
tion [1, 3], and the average level of the psychological stress of the males is lower than 
that of the females. The integrated effect from the above two factors moderately con-
tributes to the decision of following a longer but safer route, and this impact is more 
evident for the males (0.413) than that for the females (0.350). The effect from the 
acceptance of the smartphone-based navigation is more correlated with the decision of 
using a longer route for the females, which may be related to males‟ better perform-
ances on geometry identification and lower willingness to use a longer path [42, 43]. 
Table 10. Correlation between Factors from Willingness of Using A Longer Route and Indoor 
Familiarities, Psychological Stresses, and Attitude to Navigation 
 Willingness of Using A Longer but Safer Path 
 Male Female 
Indoor Familiarity  0.276 0.256 
Psychological Stress -0.376 -0.288 
Attitude to Navigation 0.187 0.269 
Indoor Familiarity + Psychological Stress 0.413 0.350 
Indoor Familiarity + Psychological Stress + Attitude to Navigation 0.428 0.389 
For the situation of changing to an alternative exit, the percentage of the females 
showing positive attitudes (79%) is not significantly higher than that of the males 
(73%). For the males, their decision is more related with the indoor familiarity while 
for the female participants, their decision is more affected by the acceptance of the 
navigation services. This may also due to males‟ better performances on geometry 
identification and sensation of the cardinal directions [42, 43]. This leads to the inte-
grated effects from the indoor familiarity and psychological stress are more correlated 
with the males‟ decision of the using an alternative exit (0.377) than females (0.352). 
After integrating with the effect from attitude to the navigation services, the overall 
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comprehensive effects from the three factors shows a greater correlation with the 
females‟ decisions (0.515) rather than the males (0.406) (Table 11). 
The decision time for different cases is also an important factor to evaluate peo-
ple‟s confidence to the provided navigation services. This time period needs be re-
duced in order to improve the efficiency of the evacuation. According to the acquired 
results, the females tend to have a longer decision time, regardless of the situations of 
extreme cases (Fig. 5). It suggests that the females are more hesitated to make deci-
sions under extreme cases. This may be related with their relatively higher level of the 
psychological stress than the males, leading to the increase of the difficulty of deci-
sion making especially for complicated situations. Thus, females may need some 
additional comforting service to persuade them keep trusting the guidance. Mean-
while, the average time for choosing an alternative exit during evacuation other than 
the original planning is longer than that of choosing a longer route in the beginning of 
planning, regardless of the gender. It suggests that changing the direction during the 
movement is more difficult than making decisions in the beginning and people have 
the tendency to keep the original guidance during the evacuation movement. This 
problem needs to considered in the approach design of providing navigation services 
to people, making the provided information more acceptable to people. 
Table 11. Correlation between Factors from Willingness of Using An Alternative Exit and 
Indoor Familiarities, Psychological Stresses, and Acceptance of Navigation 
 The willingness of Using An Alternative Exit 
 Male Female 
Indoor Familiarity  0.311 0.265 
Psychological Stress -0.301 -0.243 
Attitude to Navigation 0.206 0.393 
Indoor Familiarity + Psychological Stress 0.377 0.352 
Indoor Familiarity + Psychological Stress + Attitude to Navigation 0.406 0.515 
 
(a)                                                                            (b) 
Fig. 5. The decision time of two genders for choosing longer route (a) and alternative exit (b). 
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4 Conclusions 
This study has taken a survey among the undergraduates to investigate the cognition 
factors under virtual scenarios in an environment for their routine life, focusing on the 
aspects of indoor familiarity (spatial cognition), psychological stress and decision 
makings.  
For indoor familiarity, it is interested in three factors, i.e. the familiarity to exits 
and risky places as well as the satisfaction degree of the current indoor sign installa-
tion. According to the results, males have a higher average familiarity to the indoor 
exits while both genders have a relatively low level of risky place awareness. These 
two factors are positively correlated with satisfaction degree of current installation of 
the indoor signs, and this correlation is more evident for the exit familiarity. The inte-
gration of the height factor with the other two indoor familiarity factors can improve 
the degree of the indoor sign satisfaction.  
For psychological stress, this study concentrates on the situated cognition of mov-
ing difficulty, nervousness, and speed reduction when using a bending posture during 
the fire evacuation to avoid smoke inhalation. The results have shown that both gen-
ders have a similar mid-level hardness sensation. The females have a higher average 
level of nervousness, while males have a higher average level of speed reduction sen-
sation. This study has assumed that the growing indoor spatial cognition can help ease 
the psychological hardness and nervousness. However, it only seems to be true after 
reaching a certain level. When integrating the effects from indoor familiarity and the 
other two psychological factors, the correlation to the speed reduction sensation can 
be strengthened.  
This study has also investigated the participants‟ attitudes to the navigation support 
during evacuation and the majority of the participants have shown positive attitudes. 
For following the guidance under some extreme cases, i.e. changing to a longer path 
and to an alternative exit, the majority of the participants has shown the confidence of 
keeping trusting the guidance service. These decisions are affected by the combined 
influences from indoor familiarity, psychological stress, and attitude of using naviga-
tion service. For the decision time of the selected extreme cases, it costs more time in 
average for deciding to use a longer route than to use an alternative exit, and this 
situation is more evident for the female participants. This requires further considera-
tions when designing a personalized smartphone-based navigation app. In future im-
provements, more scenarios and potential cognition factors can be investigated and be 
integrated with the simulation results of a fire evacuation, which may help give a 
more thorough analysis of the effects from the potential cognition factors.  
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